There has been controversy recently about the validity of the data-analysis of the selfdisplacement technique for estimation of specific radioactivity. This paper investigates the technique theoretically and provides practical corroboration of the results.
The method of self-displacement for estimation of specific activity of radiolabelled tracers in radioimmunoassays is widely used. The principle is simple: increasing amounts of labelled antigen are incubated with a constant amount of antibody under similar conditions to those employed routinely in the assay (Gocke et al., 1969) ; the mass of tracer present in the tubes is then determined by interpolating from the standard curve the percentage bound for each label increment; the amount of nonradioactive ligand displaced by each increment is equated to the amount of radioactive ligand in the tubes.
It has recently been claimed, however (Morris, 1976) , that this analysis is unsatisfactory as it fails to allow for the fact that an unknown mass of labelled antigen is also present and competing for binding sites on the antibody in each solution containing antigen standard. Further to this a graphical analysis of the data is claimed by the same author to obviate this error.
As the self-displacement technique enjoys widespread application and popularity, the possibility that it may be invalid was disturbing, and it was therefore decided to scrutinise both methods of analysis of self-displacement data theoretically and practically in order to ascertain whether there is any basis for the hypothesis of a flaw in the classical methodology and, if so, whether discrepant results occur in either the theoretical ideal situation or in practical experimentation. It would be expected that specific activities, as reflected reciprocally by the calculated weight of tracer in the tubes, would be higher when calculated by the classical method if this proposed flaw in the logic exists.
Materials and methods
For practical experimentation an angiotensin I radioimmunoassay was used (Roulston and MacGregor, 1978) . For the self-displacement assay incremental concentrations up to seven times that used in the standard curve were employed. In order to test the theoretical basis of the situation certain assumptions about the nature of the reactants were made in order to facilitate quantitative study. Firstly, it was assumed that labelled and unlabelled ligand were chemically identical with respect to antibody affinity; secondly, non-specific binding was assumed to be negligible and separation of bound and free fractions was assumed to be 100%. The reaction was also to be in equilibrium and therefore follow standard kinetics as reviewed comprehensively elsewhere (Ekins et 01., 1968; Yalow and Berson, 1968; Roulston and Adam, 1978) .
The following values were therefore assumed: (a) a tracer concentration of 20 pg per tube and, say, 1000 counts per minute per picogram; (b) standards of 4, 8, 16, 32, 64, 96, and 128 picograms per tube; and (c) antibody present in such concentration that it bound up to 10 pg of antigen. From these data a statistical standard curve and self-displacement assay were constructed, and our starting weight of label (20 pg per tube) was calculated by both methods to see if there was any difference in the results predicted in this ideal case. Furthermore, by construction of the standard curve and self-displacement curve for the practical assay, we further ascertained whether theory and practice were consistent and whether there was a discrepancy in the methodology, as had recently been suggested. 26 Results Table I shows the construction of the theoretical standard curve based on the axioms outlined. The self-displacement assay, constructed similarly, is also shown. Superimposition of these data reveals ( that each increment of label causes a 20 pg displacement in percentage binding on the standard curve, indicating that the weight of label used in the standard curve was 20 pg. Similarly, by plotting interpolated doses against counts per minute added, the intercept on y at x = 0 is -20 pg (Fig. 2) . Thus for an ideal situation the two methods give identical results, and no flaw in the original methodology, or its theoretical basis, is apparent. Table 2 shows the results of one of the practical experiments with angiotensin I and the self-displacement results obtained. Superimposition of these upon the standard curve obtained shows that the mean value for the weight of label in the tubes is 38·7 pg (Fig. 3) . Figure 4 shows that the graphical deter- (A-B) mination yields the same value. These results concur very well with the theoretical results obtained above. Table 3 shows the results obtained for further batches of angiotensin I and for a variety of other antigens: angiotensin H, human chorionic gonadotrophin, gastrin, casein, carcinoembryonic antigen, alphafetoprotein, and a putative tumour-associated ovarian antigen. These results provide further corroboration, as the mean percentage bias was less than 0·1 %. The differences obtained between the two methods were not significant when assessed using Wilcoxon's signed rank test (n = 19, x = 0'0615, t= 18, p > 0-1).
Discussion
It is apparent from the theoretical results obtained (Table I ; Figs 1 and 2) that in an ideal situation there is no flaw in the classical self-displacement procedure and that the graphical plot is merely an alternative, perhaps more elegant, way of displaying the result. Also, from the practical results obtained in this laboratory, no difference between the methods could be found (Figs 3 and 4; Tables 2 and 3) and therefore one is led to conclude that the hypothesis of an error in the classical analysis is a false one since no discrepancy in results is obtained in theoretical or practical studies.
Furthermore, detailed study of the theoretical premises of the reactions shows that there is no basis for the suggested error; the competition for binding sites between molecules of standard and tracer is chemically identical with the competition between molecules of tracer alone. Also, as displacement is relative, then absolute total antigen concentration is irrelevant to the analysis. It is, however, worthy of note that any differences in affinity for antibody exhibited between labelled and unlabelled antigen will be equally reflected in terms of the value for weight of label obtained by either of the above methods. Since the result is derived from displacement of unlabelled antigen from a standard curve, then, if the tracer has lower affinity than the standard for the antibody, the result for weight per tube obtained will be proportionately lower, hence the apparent specific activity will be higher irrespective of the method of calculation used.
Finally, it should be stressed that degree of saturation of antibody is assumed constant in the situations considered, otherwise a fully quantitative treatment is not possible for self-displacement analysis theoretically or practically.
